STRACT
er describes a ferrite antenna that can olarization on the Poincare sphere ency range of 9.0 to 11. 4 GHz by otation and a quarter-wavease shifter. All possible polarizations of des linear, circular and elliptiions. Any tilt angle of elliptical polarntation of the linear polarizaas well. The polarization of n be electronically switched ioninstantlywithout the use automatic data acquisition nd built to fully analyze the es of 35 dB, axial ratios less A single antenna that can provide all possible polarizations on the Poincark sphere and can switch instantly between the different polarizations has several applications in both military and commercial markets. The polarization is electronically controlled and can be changed instantly from its current polarization to the next desired polarization.
Another method to electronically achieve all the polarizations on the Poincare sphere in a single antenna is a dual polarized antenna whereby the amplitude and phase of both ports can be varied independently. An alternate antenna design is a mechanical assembly consisting of a half-wavelength and a quarter-wavelength phase shifter inside a circular waveguide with independent rotation drive for each phase shifter.
e ferrite antenna has advantages over both of these designs. The polarization is controlled simply by the amount of DC current applied to the Faraday rotator coils. It has the ability to switch polarizations very quickly, limited only by the inductance of the coil. The reliability of the unit is increased significantly because there are no moving parts. The ferrite antenna is a small compact unit, slightly larger than the waveguide itself. The original design goal was to achieve performance over the frequencyrange of 9.0 to 10.5 G sis of the final design revealed an operational bandwidth from 9.0 to 11.4 GHz.
ANTENNA DESIGN
The ferrite antenna consists of two Faraday rotators with a quarter-wavelength phase shifter between them. A cross sectional view of the antenna is shown in Figwe 1. A guided wave incident upon the antenna's input port undergoes a transition from WR90 rectangular waveguide to a dielectrically loaded circular waveguide. It travels through the input Faraday rotator, the quarter wavelength phase shifter, the output Faradayrotator and is then emitted into free space through a dielectric Lod aperture. The antenna is 3.25 inches in diameter with an overall length of 8.12 inches. The E-field rotation of a Faraday rotator is nreciproeal due to the ferrite's hysteresis. The ferrite pencils have a hysteresis h p which must be considered when trying to achieve repeat antenna measure ents. It was discovered results varied depending on the previous application of coil current. In order to achieve the desired repeatability it was necessary to eliminate the "memory" of the ferrite. To accomplish this, a degaussing voltage was applied to the coils in order to depolarize the ferrite and establish a baseline reference.
The degaussing voltage is a simple decaying square wave with an average of zero volts. The peak voltage of the decaying square wave saturates the ferrite and then exponentially reduces to zero. The degauss time is approximately 5 milliseconds and is limited by the inductance of the Faraday rotator coil.
the current from cdly controlled Faraday rotation to produce a variable polarization antenna.
isition system was dein the analysis of the antenna's characteristics. The data s shown in Figure 2 is ntosh computer using an IEE cessor controller a motorized rot gain horn receiv resolver, a netwo ave components and a ers. The computer uses programs written in to receive data from the network analyzer over the IEEE 488 bus and issue commands through its serial port to the TSA controller. The controller in turn receives these commands and produces coil currents via its digital to analog converter. The software in the controller processor produces the degaussing square wave as well as the DC currents. The motorized horn antenna, the resolver and the controller software form a closed loop system to accuratelyposition the hornat any angle.
The computer coordinates the data acquisition process by applying currents, rotating the horn and reading the analyzer screen at the propriate times while storing data into files for later evaluation. Analyzing the antenna's performance required varying the parameters of frequency, angular-position of the horn, and coil current. This acquisition system made it possibie to collect and store the large amounts of data necessary for the analysis.
Current versus rotation data was taken on the Faraday rotators at several discrete frequency points over the frequency range of 9.0 to 11.4 GHz. Figures 3a to 3d shows the amount of E-field rotationversus the coil current at 9.0,9.75,10.5, and 11.4 GHz. For a given current, the amount of rotation increases as frequency increases. For example, at 9.0 GHz a current of 100 mA produces 20" of rotation and at 11.4 GIIZ the same current of 100 mA produces 60" of rotation. At the lower frequency of 9.0 GHz, more current is required to get the same amount of rotation as compared to the higher frequencies. The current versus rotation plot is linear over a certain region and then becomes curved as saturation of the ferrite occurs. At 9.8 GI%, there is constant rotation until approximately 50", then between 50" and 65" the rotation versus current becomes nonlinear. After saturation of the ferrite, increasing the coil current produces no additional rotation.
The data of Figures 4 and 5 were obtained by applying fixed currents to the Faraday rotator coils and then rotating the receiving horn antenna through 360" while simultaneously recording the resolver output angle and the network analyzer display. Figure 4a shows the ferrite antenna linearly polarized in the horizontal plane with both coil currents set to zero. The co-polarization angles are at 90" and 270" while the cross-polarization angles are at 0" and 180". The cross-polarization level is a nominal -35 dB. Figure 4b shows a case where "he ferrite antenna is circularly polarized with an axial ratio of 1.4 dB. The input coil current is 125 mA and the output coil current is 0 mA. Notice that 125 mA on Figure 3b for 9.75 GHz produces approximately +45" of rotation which correctly orients the electromagnetic wave with respect to the quarter-wavelength phase shifter to produce circular polarization. Figure 5a shows the ferrite antenna producing elliptical polarization with a -45" tilt angle with respect to 0". The input coil current is 60 mA while the output coil current is 140ma. Figure 5b depicts how changing the output coil current changes the tilt angle of the ellipse. The output coil current is changed from +140 mA to -140 mA and the orientation of the major axis changes from -45" to +45". Figure 6 . The full X-band freThis correlates to tterns at 9.75 GHz dB and 10 dB beamw~d~hs of 52" and 80", respectively for Eplane, and 54" and 87", respectively for H-plane. f i e aperture of the antenna can be modified to accommodate any beamwidth requirement. A variable polarization ferrite antenna has been designed, built and its characteristics examined. The antenna has the ability to produce linear, circular or elliptical polarization of any orientation. The input Faraday rotator coil is responsible for producing the type of polarization and the output coil is responsible for the orientation of the linear polarization or tilt angle of the elliptical polarization. The ferrite antema can switch polarizations instantly through electronic control, has no moving parts, and is a small, compact unit. 
